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(54) Image display device and projector 


(57) The invention seeks to provide an image dis- 
play device and a projector having a brightness or an 
excellent utilization efficiency of the light by improving 
the display performance of a moving picture. The pro- 
jector 100 includes a light source 11 0 for emitting illumi- 
nation light, a liquid crystal light valve 150 serving as a 
spatial light modulator having an image-forming area for 
forming image light by modulating the illumination light 
based on an electrical signal, a pair of fly-eye lenses 
1 21 and 1 22 serving as an irradiation optical system for 


converting at least one of the shape and the size of the 
light beam of the illumination light emitted from the light 
source 110 and for irradiating the converted illumination 
light on a region which is smaller than the image-forming 
area, a superposing lens 1 23, a rotating prism 1 30 serv- 
ing as an illumination-light scanning optical system for 
scanning the illumination light irradiated by the irradia- 
tion optical system on the image-forming area, and a 
projection lens 1 60 as a projection means for projecting 
the image light modulated by the liquid crystal light valve 
150. 
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Description 

[0001] The present invention relates to an image dis- 
play device and a projector. More particularly, it relates 
to a projector to illuminate a spatial light modulator such 
as a liquid crystal light valve or a tilting mirror device with 
illumination light emitted from a light source, and to dis- 
play an image by projecting the illumination light from a 
projection lens onto a screen or the like by causing the 
illumination light modulated by the spatial light modula- 
tor to impinge on a projection lens. Specifically, this tech- 
nology is useful in displaying moving pictures. 
[0002] Fig. 1 8 shows a conceptual diagram illustrating 
a conventional projector. This projector 1 000 is provided 
with a light source 11 0, a pair of fly-eye lenses 1 02 1 and 
1022, a superposing lens 1023, a collimating lens 140, 
a light valve 151, and a projection lens 160. 
[0003] The fly-eye lenses 1021 and 1022 are lens ar- 
rays in which micro lenses having a rectangular form 
are arranged in the form of matrix. The external shape 
of each of the micro lenses is substantially similar to the 
external shape of the image-forming area of the light 
valve 151, serving as a spatial light modulator, when 
each of the micro lenses is viewed along the optical axis 
direction. For example, if the external shape of the im- 
age-forming area of the light valve 151 is a rectangular 
shape having an aspect ratio of 4:3, the externa! shape 
of each of the micro lenses also has a rectangular shape 
having an aspect ratio of 4:3. 

[0004] The fly eye lens 1021 divides the illumination 
light emitted from the light source 110 into a plurality of 
partial light beams and condenses each of the divided 
partial light beams on the micro lenses of the fly eye lens 
1022, respectively. The fly eye lens 1022 emits each of 
the plurality of divided partial light beams, and causes 
each of the emitted plurality of divided partial light 
beams to impinge on the superposing lens 1023. Fur- 
ther, the superposing lens 1023 superposes the plurality 
of split partial light beams after passing through a colli- 
mating lens 140, and then illuminates the superposed 
light beams on the image-forming region of the light 
valve 1 51 . At this time, sincere aspect ratio of each of 
the external shapes of the micro lenses and the aspect 
ratio of the image-forming area of the light valve 151 are 
equal to each other, illumination light having a uniform 
luminance distribution over the whole image-forming ar- 
ea of the light valve 151 can be generated. 
[0005] Therefore, the projector 1 000 illuminates the 
image-forming area of the light valve 151 with the illu- 
mination light emitted from the light source 110 by mak- 
ing the distribution of the luminance uniform, and after 
the illumination light is modulated by the light valvo 151, 
the illumination light is incident on the projection lens 
160 serving as the projection means, and then is pro- 
jected from the projection lens 160 onto a screen (not 
shown) as image light, thereby displaying an image hav- 
ing smaller brightness irregularity. 
[0006] Further, there is a liquid crystal light valve in 


which a liquid crystal panel is used in a single light valve. 
The projector illuminates the liquid crystal light valve 
with the illumination light emitted from the light source, 
the illumination light is modulated by the liquid crystal 
5 light valve based on the image signal, and the display 
performance of the moving picture to be projected onto 
the screen by the projector is equal to the display per- 
formance of the moving picture based on the response 
performance of the liquid crystal light valve since the il- 

'o lumination light is projected onto the screen after ex- 
panding the illumination light by the projection lens. 
[0007] Further, in the conventional image display de- 
vice, a technique to improve the quality of the moving 
picture has been proposed by scanning the illumination 

'5 area to be illuminated by the display element. In a cer- 
tain image display device, a construction for scanning 
the illumination area to be illuminated by the display el- 
ement by disposing a plurality of light sources on the 
rear surface of the display element and sequentially 

20 turning the light on and off at predetermined time inter- 
vals is well known (for example, refer to the patent doc- 
ument 1). Further, in another conventional image dis- 
play device, a construction for scanning the illumination 
area to be illuminated by the display clement by rotating 

25 a light condensing tube provided with a slit for defining 
the direction in which the light source emits light is well 
known (for example, refer to the patent document 2). 

[Patent Document 1] 

30 

[0008] Japanese Unexamined Patent Application 
Publication No. 2000-275604. 

[Patent Document 2] 

35 

[0009] Japanese Unexamined Patent Application 
Publication No. 2002-6766. 

[0010] Displays can be classified into an impulse type 
and a hold type in accordance with the difference be- 

^0 tween the displaying methods. The impulse type is a 
method for displaying on each pixel light having a bright- 
ness required for momentary display, for example, a 
CRT [cathode-ray tubej is a well known impulse-type 
display. Further, the hold-type display is a method for 

45 displaying on each pixel light having a brightness re- 
quired for momentary display during a predetermined 
lime period, for example, a liquid crystal display is a well 
known hold-type display. That is, a projector utilizing a 
liquid crystal light valve is also one type of hold-type dis- 

50 play. 

[0011] In general, the impulse-type display and the 
hold-type display have different display performances 
of the moving picture due to differences between the dis- 
play methods. Hereinafter, the difference in display per- 
55 formance of the moving picture in the impulse-type dis- 
play and the hold-type display is represented by the dif- 
ference in visual performance as detected by the human 
eye; therefore, the problems of the conventional projec- 
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tion are described below. 
tor to be sowed by the «JJ«^ jUuStrating ,he dis- 

[00121 Fig. 19 *°,^ e a *S Pic^e in the impulse- 
p,ay performance of the mow B P ^strating 

display performance °« *e mov«iflP ^ moving 
type display. Further ,n Jj* as a tranverS e 

distance of the moving picture < ^ Further , 

axis andthe tftne*taken » aU."9 ^ djsplay objecl 
in the both drawings, the represents the 

In the direction of «- tXckness he- 

ight emitting tone. F °7**™ P lne ligh t beam has been 
tween the first frame * 00 ^9 ^ frames _ 
emitted during all the Urn » bewe js 
whereas if the ^^J^med curing a ha« of 
50% the light beam has been e 
the time between the first frames. ^ ^ ^ 
[0013] As shown in Fig. 19£ J ,„ accord . 

i yp e dispfay, if them°vmg ^ scree0i lhe end 
ance with the passag . o l un some . 
portion of the moving pclure « ^ £hown |n 

what faintly at the human eye. H g ^ moying 

ng.20.k.ft.c«olth^^ P^gerftim. 
picture is movingin ^^ {hc mo ving picture be- 
on the screen, the end I portion oM ^ 

comes more blurred th e human eyes, 

picture of the impulse-type d sp y ^ 

comes more blurred than he' P ^ ^ .^ se . 
that the light beam is temporjjye ^ 
type display to thereby d the lig ht beam 

lined in the brain by ^J^^ed time in- 
is continuously em.tted dur.ng a P me a ,. 

terval in the hold-type d-spla to * « V 
terimage remained in the brain y ^ ^ 

[0 015] Figs. 21 and 22_ show d 9 ^ 0 , lhe 

methods for improving the JJJP since 
moving picture in the J^J^Icteand the wn- 
tne methods for ««^J£ thickness of the dis- 
verse axis and the def.nmon of m ^ sirnilar l0 

speed of the image is fast, the enc ^P redudng 

in P g picture ™Z»*£?SXX»*«* «* 
me faintness. But, in case on dU(icuU thai the 

liz ing a liquid crystal or the hKe 'I - s^ry ^ 

change speed of the image £ perl ^ 
like this, since the response spee that the 

is relatively very slow. Further. jM M jn ^ 

amount of the displaying -"g^^ of the im- 
cordanco with the increased chang 

a 9 e - c „ 92 shows a method for showing 

[O0171 Further F.g. 22 sho ^ ^ 


a shutter. However it is 0 , dischar ging lamp 

. mittent lighting since a h gh v« g ^ ^ projectof 
1S commonly UUUzed a the .ght & prob)em 

5 further, if the -^^^..wkwy of the light 
that the brightness or the ^uUtejg ^ ^ used d 

1S decreased s.nce the He 9 rein alter, the prob- 

ing the ^^^JSSm W diSp,aV d6 e 
,ems to be solved ,n , 1* conv ^ 
,o vice for improving the quatty o dion of the 

described below f * r ^ a %Lr,ty of light sources 
patent document 1, s,nc ** Nere is a restriction that 
need to be disposed in . > P ane there ^ fee 

the lighting or the light out of the g illurnina tion 
,s implemented inst ^!S m the plane uniformly. Of 
Hghl sources should be placed hntn P ^ 
course, it is difficult »° f£^amp Further, since 
•,ng the high -^^ ^theoreUca.ly is required there 
lhe light source to light out in . darkly for the 

2 o L a problem that ™ re.erringto the 

numberof original l.gh sources^ ^.^ fer 

construction of the through the 

the light beam ' n J ^ ial0 on the display dc- 

rcctly to be surely guide to 'r ^ d iontoillu minate 

while restricting the of directions from the 

emitted by diffusing in a plummy ^ ^ 

tight sources *<«f"^^Jw beam itself 
lne slit is formed without scan l|s1mp08 „bte 
30 emmedtromthehghtsource As 
■ ,o increase an eff.c.ency of the hgh ^ been 
[00181 Therefore, the P fese "^ blerns , the ob- 
made in view of the •*«-£j£! B . an image dis- 
ject of the present invention is te ^P ntbrigntn ess 

35 p,ay rt^eS^^ ^ ,niprovin9 

or utilization efficiency vinq picture, 

the display performance o a mov ^ g p ^ 

[00191 in ° rde ^ t \° V a e i rs rp r e erred embodiment of 
problems, according '^^J-^ided an image display 
40 LpresentinventioMhere^ 

device including: a light sourc image .f 0 rm.ng 
ligh t; a spatial light moduMor h^JJ iUum ina- 
area for forming imag ^ y . rradialion op . 

,ion light based on an ^J^ utnlnalto „ light onto a 
, 5 tical system for "'^'^'^gUrmlng area by con- 
region narrower than he image ^ ^ ^ ^ 
verting at least one of the snap ^ ^ , igM 

beam of the illumination hght fca , sys . 

source; and an "'^'^^ ^ emitted by the il- 
so tern for scanning the i l um.nat on 9 area . 
, u mination optical ^^to^guration, in the mo- 
[00201 According to s ud ^ illu minates 
mentary time, al houg >** > ^ of the s p a t,al 

only a portion ofthc >^ ,, cal syste m. since. 
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tem, the system is capable of implementing the illumi- 
nation of the illumination light with a uniform luminance 
distribution over the overall image-forming area. As a 
result, if the viewer watches the image display device 
directly, the viewer can recognize the image by his eyes. 
Further, if the viewer keeps an eye on a part of the im- 
age-forming area, the effect equal to the intermittence 
lighting is occurred since the illumination light is gener- 
ated or is not generated, periodically. As a result, al- 
though the image display device employs the hold-type 
spatial light modulator, it can display clear moving pic- 
ture. Further, in case when the amount of the light beam 
equal to that of the conventional image display device 
is emitted from the light source, the present invention is 
capable of displaying the image onto the screen without 
becoming dark in comparison with the conventional im- 
age display device, since the amount of the light beam 
does not change from that of the conventional image 
display device. Accordingly, by improving the display 
performance of the moving picture, it is possible that a 
display device having excellent brightness or utilization 
efficiency of the illumination light is provided. Further, 
the present invention, since it has the structure that the 
light beam of the illumination light itself is scanned by 
the illumination light scanning optical sysem by illumi- 
nating the illumination light on the part of the image- 
forming area, is very different in the brightness or utili- 
zation efficiency of the illumination light from the con- 
ventional image display device that has a construction 
for sequentially processing the lighting and lighting out 
of the plurality of the light sources in time difference or 
a construction for defining a region to illuminate while 
restricting the direction of the light to be emitted by di- 
fussing in a plurality of directions from the light sources 
by rotating a condensing tube formed thereon a slit. 
[0021] According to one aspect of the first preferred 
embodiment of the present invention, it is preferable that 
the illumination-light scanning optical system be provid- 
ed with a rotating prism for changing the refractive angle 
of the illumination light, while rotating, to thus scan the 
illumination light. Thereby, the rotating prism is capable 
of scanning the light beam emitted from the irradiation 
optical system. As a result, it can be easily implemented 
that the illumination light is scanned on the image-form- 
ing area. 

[0022] Further, in accordance with a preferred em- 
bodiment of the first preferred embodiment of the 
present invention, it is preferable that the irradiation op- 
tical system include a lens array memberfor splitting the 
illumination light into a plurality of partial light beams to 
condense each of the divided partial light beam and a 
superposing lens unit for superposing the divided partial 
light beams on the image-forming area or a conjugate 
plane with respect to the image-forming area. According 
to this construction, it is possible that the irradiation op- 
tical system is easily realized to illuminate the illumina- 
tion light on a area which is smallerthan the image-form- 
ing area while matching the luminance distribution of the 


light source by changing the external shape of the lens 
array member or the condensing magnification of the 
superposing lens unit. Further, it is preferable that the 
illumination light be superimposed on the surface con- 

5 jugated with the image-forming area. Further, the illumi- 
nation light superimposed at the image-forming area is 
imaged by the relay imaging system. As a result, the 
present invention can achieve an effect similar to that 
obtained by superimposing the illumination light on the 

10 image-forming area. Further, it is preferable that the 
plane for superposing the illumination light be a neigh- 
boring plane of the image-forming area or a neighboring 
plane of a conjugate plane with respect to the image- 
forming area. 

15 [0023] Further, in accordance with another preferable 
aspect of the first preferred embodiment of the present 
invention, it is preferable that the illumination-light scan- 
ning optical system be provided with a rotating prism for 
changing the refractive angle of the illumination light, 

20 while rotating, to thus scan the illumination light and at 
least one rotating prism be disposed between the su- 
perposing lens unit and the spatial light modulator. Ac- 
cording to this construction, it is possible to easily realize 
the construction capable of scanning the illumination 

25 light on the image-forming area, since the construction 
in which the light beam after passing through the super- 
posing lens unit is synthesized and then scanned by the 
rotating prism is allowable. 

[0024] Further, in accordance with still another aspect 
30 of the first preferred embodiment of the present inven- 
tion, it is preferable that the illumination-light scanning 
optical system be provided with a rotating prism for 
changing the refractive angle of the illumination light, 
while rotating, to thus scan the illumination light and a 
35 plurality of the rotating prisms be arranged according to 
the partial light beam split by the lens array member. 
According to this construction, it is possible to realize a 
construction in which a relatively small sized rotating 
prism matching with the size of the partial light beam 
40 can be placed in the image display device compactly 
and the illumination light can be scanned on the image- 
forming area. 

[0025] Further, in accordance with still another aspect 
of the first preferred embodiment of the present inven- 
ts tion, it is preferable that the irradiation optical system be 
provided with a rod part for reflecting the illumination 
light inputted from an incident end by an inside wall or 
an outside wall to emit the reflected illumination light at 
an emission end and an imaging lens unit for forming 
so an image of the emission end on the image-forming ar- 
ea. According to this construction, by changing the com- 
bination of the shape of the emission ends of the rod 
part and the condensing magnification of the imaging 
lens unit, it is possible to realize an irradiation optical 
55 system for irradiating the illumination light on an area 
which is smaller than the image-forming area while 
matching the distribution of the illumination of the light 
source. 
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[0026] Further, in accordance with still another aspect 
of the first preferred embodiment of the present inven- 
tion, it is preferable that the illumination-light scanning 
optical system be provided with a rotating prism for 
changing the refractive angle of the illumination light, 
while rotating, to thus scan the illumination light and at 
least one rotating prism be disposed between the rod 
part and the spatial light modulator. According to this 
construction, since the rotating prism can be placed ac- 
commodated to the size of the illumination light emitted 
from the rod member, it is possible to easily realize the 
construction in which the illumination light can be 
scanned on the image-forming area after the illumina- 
tion light beam is passing through the rotating prism 
emitted from the emission ends of the rod. 
[0027] Further, in accordance with a second preferred 
embodiment of the present invention, there are provided 
a projector including the image display device described 
above and projection means for projecting an image dis- 
played on the image display device. 
[0028] According to this construction, although the il- 
lumination light is illuminated only at a portion of the im- 
age-forming area of the spatial light modulator by the 
irradiation optical system in momentary time, since, in 
a certain range of time, the illumination light can be 
scanned on the image-forming area of the spatial light 
modulator by the illumination-light scanning optical sys- 
tem, the system is capable of implementing the illumi- 
nation with a uniform luminance distribution over the 
overall image-forming area. As a result, if the image is 
projected onto the screen by the projection means, the 
viewer can recognize the image by his eyes. Further, if 
the viewer keeps an eye on a part of the image-forming 
area, the effect equal to the intermittence lighting occurs 
since the illumination light is generated oris not gener- 
ated, periodically. As a result, although the image dis- 
play device employs the hold-type spatial light modula- 
tor, it can display clear moving picture. Further, in case 
the same amount of the light beam as that of the con- 
ventional projector is emitted from the light source, the 
present invention is capable of displaying the image on- 
to the screen without becoming dark in comparison with 
the conventional image display device, since the 
amount of the light beam does not change from that of 
the conventional projector. Accordingly, by improving 
the display performance of the moving picture, it is pos- 
sible that a projector having good brightness or utilisa- 
tion efficiency of light is provided. 

[0029] Further, in accordance with a preferred aspect 
of the second preferred embodiment of the present in- 
vention, it is preferable that the image display device 
further include acolor separation optical system for split- 
ting the illumination light scanned by the illumination- 
light scanning optical system into illumination light with 
at least two colors. Thereby, the moving picture can be 
displayed on a full color definitely by providing at least 
one illumination-light scanning optical system. 
[0030] Further, in accordance with another preferred 


aspect of the second preferred embodiment of the 
present invention, it is preferable that the image display 
device further include a color separation optical system 
for splitting the illumination light scanned by the illumi- 
5 nation-light scanning optical system into illumination 
light with at least two colors and a relay imaging means 
be disposed in an optical path of an illumination light 
having a larger optical path than the other illumination 
light among the illumination light separated in color by 
10 the color separation optical system, the relay imaging 
means transmitting the image before the incidence and 
the image after the emission in the same direction. Ac- 
cording to this construction, since the relay imaging 
means for transmitting the light beams in the same di- 
15 rections of the images before the incidence of the tight 
beam and after the emission of the light beam to each 
other is disposed, the inversion of the image does not 
occur as in the case where the lens is utilized simply. 
That is. although the relay imaging means is utilized, the 
20 effect of the inversion of the scanning direction of the 
image can be avoided. Therefore, in the image of the 
screen, the phenomenon that the scanning directions of 
each color are not uniformly provided by the relay imag- 
ing means is eliminated. As a result, since the construc- 
ts tion is allowable in which a display such as intermittent 
lighting independently made by each of the colors sep- 
arated in color is avoided, it is possible to prevent the 
flicker of the color which may be unpleasant to the hu- 
man eye. At the same time, it is possible that the differ- 
30 ence of the images between each of the colors due to 
the difference of the lengths between the optical paths 
is corrected by using the relay imaging means. Further, 
it is preferable that the relay imaging means be an op- 
tical system having the function of relaying the image 
35 without limiting the relay lens optical system. 

[0031 ] Further, in accordance with still another aspect 
of the second preferred embodiment of the present in- 
vention, it is preferable that the image display device 
include a color separation optical system for splitting the 
40 illumination light scanned by the illumination-light scan- 
ning optical system into illumination light with at least 
two colors and an image-inverting prism be disposed so 
as to invert the scanning direction of the image for at 
least one color of separated illumination light. According 
4 $ to this construction, since the image-inverting prism 
controls the scanning directions for each of the colors, 
respectively, in the image of the screen, it is possible 
that each of the scanning directions for each of the 
colors becomes equal from each other. As a result, for 
50 example, by illuminating the illumination lights keeping 
the scanning directions of the illumination lights for each 
of the colors equal to each other, since the construction 
is allowable in which a display such as intermittent light- 
ing independently made by each of the colors separated 
55 in color is avoided, it is possible to prevent the flicker of 
the color which may be unpleasant to the human eye. 
[0032] Further, in accordance with a third preferred 
embodiment of the present invention, there is provided 
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a projector including an image display device described 
above and the projection means for projecting the image 
displayed at the image display device further, in which 
the projector comprises a color separation optical sys- 
tem for splitting the illumination light scanned by the il- 
lumination-light scanning optical system into illumina- 
tion light with at least two colors and an illumination-light 
scanning optical system for scanning the separated il- 
lumination light disposed for each of the colors. Accord- 
ing to this construction, since the refraction angle of a 
rotating prism corresponding to the illumination light for 
each of the colors is changed and then is capable of 
controlling the illumination light for each of the colors, it 
is possible to illuminate after overlapping each of the 
illumination lights corresponding to each of the colors or 
to illuminate while avoiding to overlap the illumination 
lights for each of the colors in the image of the screen,. 
As a result, since, for example, by overlapping and illu- 
minating each of the illumination lighls for each of the 
colors, the construction is allowable in which a display 
such as intermittent lighting independently made by 
each of the colors separated in color is avoided, it is pos- 
sible to prevent the flicker of the color which may be un- 
pleasant to the human eye. 

[0033] Further, in accordance with one aspect of the 
third preferred embodiment of the present invention, it 
is preferable that an illumination-light scanning optical 
system be provided with a plurality of rotating prisms for 
changing the refractive angle of the illumination light, 
while rotating, to thus scan the illumination light and at 
least one rotating prism rotates in a direction different to 
the rotation directions of the other rotating prisms. Ac- 
cording to this construction, since the scanning direc- 
tions can be controlled for the illumination light of each 
of the colors, in the image of the screen, it is possible to 
make the scanning directions for each of the colors 
equal to each other. As a result, since, for example, by 
illuminating the illumination lightswhile keeping the 
scanning directions of the illumination lights for each of 
the colors equal to each other, the construction is allow- 
able in which a display such as intermittent lighting in- 
dependently made by each of the colors separated in 
color is avoided, it is possible to prevent the flicker of 
the color which may be unpleasant to the human eye. 
[0034] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a diagram showing the concept of a projec- 
tor in accordance with a first preferred embodiment 
of the present invention. 

Fig. 2 is an explanatory view for illustrating the op- 
eration of the rotating prism. 

Fig. 3 is an explanatory view for explaining the scan- 
ning of the illumination light in the image-forming ar- 
ea of the light valve changing in response to the ro- 
tation of the rotating prism. 

Fig. 4 is a diagram showing the concept of a projec- 


tor in response to a second preferred embodiment 
of the present invention. 

Fig. 5 is an explanatory view explaining the cylindri- 
cal array lens. 

5 Fig. 6 is a schematics view for illustrating the con- 

struction of a projector in accordance with a third 
preferred embodiment of the present invention. 
Fig. 7 is a schematic view for illustrating a projector 
in accordance with a fourth preferred embodiment 

10 of the present invention. 

Fig. 8 is a schematic view for illustrating a projector 
in accordance with a fifth preferred embodiment of 
the present invention. 

Fig. 9 is a schematic view for illustrating a projector 
is in accordance with a sixth preferred embodiment of 
the present invention. 

Fig. 1 0 is a schematic view for illustrating a projector 
in accordance with a seventh preferred embodi- 
ment of the present invention. 

20 Fig. 11 is a schematic diagram for illustrating a fig- 

ure of an image in a construction using one set of 
the relay lens optical system. 
Fig. 12 is a schematic diagram for illustrating a fig- 
ure of an image in a construction using two sets of 

25 the relay lens optical systems. 

Fig. 13 is a schematic diagram of a modified exam- 
ple for illustrating a figure of an image in a construc- 
tion using two sets of the relay lens optical systems. 
Fig. 1 4 is a schematic view for illustrating a projector 

30 in accordance with an eighth preferred embodiment 

of the present invention. 

Fig. 15 is a diagram for illustrating a penta prism 

being one type of an image-inverting prism. 

Fig. 16 is a diagram for illustrating a loop prism be- 

35 ing one type of an image-inverting prism. 

Fig. 1 7 is a diagram for illustrating a dove prism be- 
ing one type of an image-inverting prism. 
Fig. 18 is an explanatory view for illustrating a con- 
cept of a conventional projector. 

*o Fig. 1 9 is an explanatory view for illustrating a mov- 

ing picture display performance of an impulse-type 
display. 

Fig. 20 is an explanatory view for illustrating a mov- 
ing picture display performance of a hold-type dis- 

^5 play. 

Fig. 21 is an explanatory view for illustrating one ex- 
ample of a method for improving the moving picture 
display performance of the hold-type display. 
Fig. 22 is an explanatory view for illustrating one ex- 

50 ample of a method for improving the moving picture 

display performance of the hold-type display. 
Fig. 23 is a schematic view for illustrating a projector 
in accordance with a ninth preferred embodiment of 
the present invention. 

55 Fig. 24 is a schematic view for illustrating a projector 

in accordance with a tenth preferred embodiment 
of the present invention. 

Fig. 25 is another schematic view for illustrating a 
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projector in accordance with a tenth preferred em- 
bodiment of the present invention. 
Fig. 26 is a schematic view for illustrating an image 
display device in accordance with an eleventh pre- 
ferred embodiment of the present invention. 
Hereinafter, preferred embodiments of the present 
invention will be explained in detail with reference 
to the accompanying drawings. Further, it should be 
noted that the sprit and scope of the present inven- 
tion is not limited by theses preferred embodiments 
of the present invention. 

(First Embodiment) 

[0035] Fig. 1 is a diagram for illustrating the concept 
of the projector in accordance with the first preferred em- 
bodiment of the present invention. The projector 1 00 in- 
cludes a light source 110, a pair of fly-eye lenses 121 
and 122, a superposing lens 123, a rotating prism 130, 
a collimating lens 140. a liquid crystal light valve 150 
and a projection lens 1 60 as the major elements of the 
present invention. 

[0036] The light source 110 is provided with a lamp 
111 and a concave mirror 112. The lamp 1 1 1 is made of, 
for example, a discharge lamp such as a high-pressure 
mercury lamp, and also the concave mirror 1 12 is made 
of a parabolic mirror. Further, the lamp 111 and the con- 
cave mirror 112 are not limited to those constructions. 
In the light source 110, the lamp 111 emits an illumina- 
tion light, and the illumination light having a luminance 
distribution travels toward a pair of fly-eye lenses 121 
and 122 by reflecting the illumination light emitted from 
the lamp by the concave mirror 112. At this time, if the 
lamp 111 is a LED light source, it is allowable that a con- 
struction employing a condensing lens in place of the 
concave mirror 112 for emitting the illumination light to* 
the fly-eye lenses 121 and 122 is employed or a con- 
struction arranging a plurality of LED light sources in the 
form of array is employed, and an appropriate change 
is allowable for the type, the number and the construc- 
tion of the light source. 

[0037] The fly-eye lenses 121 and 122 are a pair of 
lens arrays in which a plurality of micro lenses having a 
contour with a rectangular shape are arranged in the 
form of a matrix. The external shapes, shown along the 
direction of an optical axis, of each of the micro lenses 
are formed with a different ratio from the external shape 
of the image-forming area of the liquid crystal light valve 
1 50 as a spatial light modulator for forming image light 
by modulating the illumination light based on an electri- 
cal signal. Here, the external shape of the image-form- 
ing area of the liquid crystal light valve 150 is a rectan- 
gular shape having an aspect ratio of 4:3, and the ex- 
ternal shape of each micro lens is a rectangular shape 
having a ratio of 4:1. 

[0038] The fly eye lens 121 divides the illumination 
light emitted from the light source 110 into a plurality of 
partial light beams, and focuses each of the divided par- 


tial light beams on each of the micro lenses of the fly- 
eye lens 122. The fly eye lens 122 emits each of the 
plurality of divided partial light beams, andcauses each 
of the emitted plurality of divided partial light beams to 

5 impinge on the superposing lens 123. Further, the su- 
perposing lens 1 23 superimposes the plurality of divided 
partial light beams and illuminates the superimposed 
plurality of divided partial light beams on the liquid crys- 
tal light valve 1 50 through a collimating lens 1 40. At this 

10 time, since the external shapes of each of the micro 
lenses have an aspect ratio of 4:1 , it is possible that the 
illumination light having a uniform luminance distribution 
is illuminated on a region being narrower than the im- 
age-forming area of the liquid crystal light valve 150, i. 

*5 e., a portion of 1/3 of the image-forming area. In other 
words, the fly-eye lenses 121 and 122 and the super- 
posing lens 123 have the function that the illumination 
light can be irradiated onto a region which is smailerthan 
the image-forming area by converting al least one of the 

20 shape and the size of the illumination lightbeam emitted 
from the light source 1 1 0. Further, for example, consid- 
ering the construction in accordance with the preferred 
embodiments of the present invention, although it is de- 
signed in such a way that a region (the region being nar- 

25 rower than the image-forming area) to be illuminated by 
the irradiation optical system is in excess of the image- 
forming area in a transverse direction, if the region is 
narrow with respect to a longitudinal direction, it does 
not depart from the major scope and sprit of the present 

30 invention. Further, the superposing lens 1 23 may super- 
pose the illumination light not only on the image-forming 
area of the liquid crystal light valve 150 but on the con- 
jugate plane with respect to the image-forming area. 
When the superposing lens superposes the illumination 

35 light on the conjugate plane with respect to the image- 
forming area, the illumination light to be superposed is 
imaged on the image-forming area by using the relay 
optical system or the relay imaging means. 
[0039] Further, a rotating prism 130 capable of scan- 
ning the illumination light on the image-forming area as 
an illumination-light scanning optical system is disposed 
between the superposing lens 123 and the liquid crystal 
light valve 150, and the illumination light beam travels 
toward the liquid crystal light valve 150 after the illumi- 
nation light beam passes through the rotating prism 1 30 
with an optical axis shifted in relation to the rotation of 
the rotating prism 130 and the index of refraction. Inci- 
dentally, the rotating prism 130 that is made of a prism 
in the form of a rectangular column of a material such 

50 as a glass, is rotated by a motor (not shown). 

[0040] Here, a diagram for illustrating the function of 
the rotating prism is described in detail in Fig. 2. In the 
drawing, there is explained for the case that the rotating 
prism is rotated in counter clockwise direction with re- 

55 spect to an axis vertical to the surface of the drawing. 
[0041] As shown in Fig. 2, the position of the rotation 
of the rotating prism 130 represented by (a) illustrates 
the positional relationship that the illumination light is 
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emitted from the left side to the right side in the drawing 
by directly traveling the illumination light incident to the 
rotating prism 130 without refracting the illumination 
light. Further, for simplicity of explanation, the illumina- 
tion light is represented by an optical line parallel to the 
optical axis. Further, hereinafter, the present invention 
is described by representing the illumination light as an 
optical line. 

[0042] The rotating position of the rotating prism 130 
represented by (b) shows the figure that the rotating 
prism 130 is rotated from 0° to 45° from the rotation po- 
sition represented by (a) in a counter clockwise direc- 
tion. In this case, the illumination light incident to the ro- 
tating prism 1 30 from the left side of the drawing is emit- 
ted to the right side of the drawing by refracting the illu- 
mination light to the upper side of the drawing. 
[0043] The rotation position of the rotating prism 130 
represented by (c) illustrates the figure that the rotating 
prism 130 is rotated from 45° to 90° from the rotation 
position represented by (a) in a counterclockwise direc- 
tion. In this case, the illumination light incident to the ro- 
tating prism 130 from the left side of the drawing is emit- 
ted to the right side of the drawing by refracting the illu- 
mination light to tho lower side of the drawing. 
[0044] The rotation position of the rotating prism 1 30 
represented by (d) illustrates the figure that the rotating 
prism 130 is rotated by an angle of 90° from the rotation 
position represented by (a) in a counterclockwise direc- 
tion. In this case, similar to the case (a), it illustrates the 
figure that the illumination light is emitted from the left 
side of the drawing to the right side in the drawing by 
directly traveling the illumination light incident to the ro- 
tating prism 1 30 without refracting the illumination light. 
As described above, the illumination light passes 
through the rotating prism with the optical axis shifted in 
relation to the rotation of the rotating prism and the index 
of the refraction. 

[0045] Referring back to Fig. 1, the illumination light 
passing through the rotating prism 130 is incident onto 
a liquid crystal light valve 150 after being collimated by 
the collimating lens 140. Since the illumination light 
passes through the rotating prism 130 as described 
above, the illumination light is illuminated while being 
scanned on the image-forming area of the liquid crystal 
light valve 150. 

[0046] Fig. 3 shows a diagram illustrating the scan- 
ning of the illumination light in the image-forming area 
of the liquid crystal light valve 150, which is changed in 
response to the rotation of the rotating prism 130. Fig. 
3(a) to (d) represent the irradiating areas of the illumi- 
nation light when the illumination light is illuminated on 
the imago-forming area of the liquid crystal light valve 
150 by passing through the collimating lens 140 from 
the rotating prism 1 30 of the cases (a) to (d) represented 
by Fig. 2. Further, Fig. 3(e) represents the figure of an 
illumination light integrated during a predetermined time 
when the illumination light is continuously illuminated on 
the image-forming area of the liquid crystal light valve 


150 by repeating (a) to (d) of Fig. 3. 
[0047] As shown in Fig. 3(a), the illumination light 
passing through the rotating prism in the rotation posi- 
tion of Fig. 2(a) is illuminated on a region being narrower 

5 than the image-forming area of the liquid crystal light 
valve 150, i.e., 1/3 portion of the image-forming area in 
the central portion of the image-forming area. Further, 
when the rotating prism is rotated similarly to (a) to (b) 
shown in Fig. 2, the irradiating region of the illumination 

io light is shifted from the central portion of the image-form- 
ing area of the liquid crystal light valve 150 to the upper 
side end as shown in (a) to (b) of Fig. 3. Further, if the 
rotating prism is rotated similarly to (b) to (c) of Fig. 2, 
the irradiating region of the illumination light is shifted in 

is such a way that the illumination light begins to irradiate 
the lower side end of the image-forming area of the liquid 
crystal light valve 150 as shown in (b) to (c) of Fig. 3. 
Further, if the rotating prism is rotated similarly to (c) and 
(d) of Fig. 2, the irradiating region or the illumination light 

20 is shifted from the lower side end of the image-forming 
area of the liquid crystal light valve 150 to the central 
portion thereof as shown in (c) and (d) of Fig. 3. Further, 
it is preferable that the recording direction of an electri- 
cal signal as the imago data of the liquid crystal light 

25 valve 150 be corresponding to the direction for scanning 
the. illumination light. 

[0048] As stated above, if taking an integration for a 
predetermined time period, by repeating the scanning 
of the illumination light in the image-forming area of the 

30 liquid crystal light valve 1 50 at a high speed, it is possible 
that the illumination light having a uniform luminance 
distribution over the overall image-forming area is irra- 
diated as shown in (e) of Fig. 3. Further, paying attention 
to the portion of the image-forming area, since the illu- 

35 mination light is generated or is not generated periodi- 
cally, there is occurred an effect equal to an intermittent 
lighting. Further, for example, considering to the con- 
struction in accordance with the preferred embodiment 
of the present invention, even if it is designed in such a 

40 way that the scanning area is in excess of the image- 
forming area in a longitudinal direction by the scanning 
of the illumination light, if the illumination light at the im- 
age-forming area is capable of scanning the illumination 
light on the image-forming area, it does not depart from 

^5 the major scope and sprit of the present invention. 

[0049] Referring back to Fig. 1, as described in Fig. 
3, the illumination light incident to the image-forming ar- 
ea of the liquid crystal light valve 1 50 is emitted to a pro- 
jection lens 1 60 by being modulated based on the elec- 

50 trical signal in the image-forming area of the liquid crys- 
tal light valve 150. Further, the liquid crystal light valve 
1 50 is constructed by a pair of polarizing plates disposed 
at the liquid crystal panel and a front and a back of the 
liquid crystal panel. Further, the illumination light inci- 

55 dent to the projection lens 1 60 as a projection means is 
projected on a screen (not shown)., and then the image 
is displayed on the screen as an image light. In this time, 
the projection type may be either one of a type for pro- 
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jecting the image light at the front surface of the screen 
and a type for projecting the image light at the rear sur- 
face of the screen. Further, it is preferable that the pro- 
jection means employ a curved surface mirror in place 
of the lens such as the projection lens 1 60. 
[0050] According to the above, the projector 100 in- 
cludes a light source 110 for emitting an illumination 
light, a liquid crystal light valve 150 as a spatial light 
modulator having an image-forming area for forming im- 
age light by modulating the illumination light based on 
an electrical signal, a pair of fly-eye lenses 1 21 and 1 22 
and a superposing lens 1 23 as an irradiation optical sys- 
tem for irradiating the illumination light emitted from the 
light source 1 1 0 on a region being narrower than the im- 
age-forming area, and a rotating prism 130 as an illumi- 
nation-light scanning optical system capable of scan- 
ning the illumination light emitted from the irradiation op- 
tical system on the image-forming area. By doing so, in 
momentary, time, although only the illumination having 
a uniform luminance distribution on a part of the image- 
forming area of the spatial light modulator is implement- 
ed by the irradiation optical system, since the illumina- 
tion light can be scanned on the image-forming area by 
the illumination-light scanning optical system in a certain 
range of the time, the illumination of the illumination light 
having a uniform luminance distribution over the overafl 
image-forming area is implemented. As a result, if the 
image is projected onto the screen, the viewer can rec- 
ogni7e the image by his eyes. 

[0051 ] Further, paying attention to a part of the image- 
forming area, since the illumination light is generated or 
is not generated periodically, there is occurred a phe- 
nomenon equal to an intermittent lighting. As a result, 
although the spatial light modulator is a hold type, the 
present invention can display clear moving pictures. 
Further, in case the illumination light is emitted from the 
light source with an amount of tight equal to that of the 
conventional projector, since the amount of the light 
does not change from the conventional method, it can 
be displayed without being dark in comparison with the 
prior art. Therefore, it is possible that a projector having 
a good brightness or a good utilization efficiency of a 
light is provided by improving the display performance 
of the moving picture. 

(Second Embodiment) 

[0052] Hereinafter, a second preferred embodiment 
of the present invention will be described in detail with 
reference to the accompanying drawings. It should be 
noted that the like reference numeral represents the 
same clement as described in the first preferred embod- 
iment and the common descriptions for the operation 
and the function are omitted. Further, in the case of us- 
ing the similar term, although the reference numerals 
are different, the functions thereof are substantially 
equal to each other, and then the basic explanation is 
omitted. 


[0053] Fig. 4 is a diagram for illustrating a concept of 
the projector in accordance with the second preferred 
embodiment of the present invention. The projector 200 
mainly includes a light source 110, a pair of cylindrical 

5 array lenses 221 and 222, a superposing lens 223, a 
rotating prism 1 30, a collimating lens 1 40, a liquid crystal 
light valve 150 and a projection lens 160. 
[0054] In the first preferred embodiment of the present 
invention, a fly eye lens and a superposing lens are uti- 

10 lized as an irradiation optical system, whereas in the 
second preferred embodiments of the present invention, 
as shown in Fig. 5, a lens array disposing a cylindrical 
lens for changing the condensing magnification in only 
one direction, in the form of array is utilized as an irra- 

'5 diation optical system and a superposing lens having a 
longitudinal and tranverse condensing magnification dif- 
ferent from that of the first preferred embodiment of the 
present invention is utilized. Since the other points are 
similar to those of the first preferred embodiment of the 

20 present invention, the explanations therefore are omit- 
ted. 

[0055] By the combination of the lens magnifications, 
the cylindrical array lenses 221 and 222 and the super- 
posing tens 223 illuminate the illumination light having 

25 a uniform luminance distribution in a region being nar- 
. rower than the image-forming area of the liquid crystal 
light valve i 50, i.e., a portion of 1/3 of the image-forming 
. area. In the projector 200, a rotating prism 130 as an 
illumination-light scanning optical system capable of 

30 scanning the illumination light on the image-forming ar- 
ea is disposed between the superposing lens 223 and 
the liquid crystal light valve 150, and the illumination 
light is passing through the rotating prism 130 while 
shifting the optical axis in relation of the rotation of the 

35 rotating prism 130 and the index of refraction. As a re- 
sult, similar to the function represented in the first pre- 
ferred embodiment of the present invention, the illumi- 
nation light is irradiated by keeping the luminance dis- 
tribution thereof uniform with scanning on the image- 

40 forming area of the liquid crystal light valve 150. 

[0056] Further, although the preferred embodiments 
explain only for the fly-eye lens, the cylindrical array lens 
and the superposing lens as the examples of the irradi- 
ation optical system, if there exists a system to meet the 

•*5 effect of the irradiation optical system, the present in- 
vention is not limited to these configurations. Further, 
the aspect ratio, the shape and Ihe size of fly-eye lenses 
or the cylindrical lens, as a lens array, are not limited to 
those having the exemplary configurations of the pre- 

so ferred embodiment of the present invention. Further, in 
the specification, although the preferred embodiments 
of the present invention describe for the structure pro- 
vided with the lens array unit and the superposing lens 
unit separately configured by an independent lens mem- 

55 ber, even if the lens array unit and the superposing lens 
unit are configured by the same member, it means that 
the structure has the lens array unit and the superposing 
lens unit. 
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[0057] As described above, by changing the external 
shape of the lens array unit or the combination of the 
condensing magnifications of the superposing lens unit, 
the second preferred embodiment of the present inven- 
tion obtains the effects similar to that of the first preferred 
embodiment and at the same time, it is possible that the 
irradiation optical system to. scan the illumination light 
on a region being narrower than all the region of the im- 
age-forming area is easily realized while matching the 
luminance distribution of the light source. 

(Third Embodiment) 

[0058] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 
al represents the same element as described in the 
aforementioned preferred embodiment and the com- 
mon descriptions for the operation and the function are 
omitted. Further, in the case of using the similar term, 
although the reference numerals are different, the func- 
tions thereof are substantially equal to each other, and 
then the basic explanation is omitted. 
[0059] Fig. 6 shows a schematic diagram of a projec- 
tor in accordance with the third preferred embodiment 
of the present invention. The projector 300 mainly in- 
cludes a light source 100, a pair of fly-eye lenses 321 
and 322, a plurality of rotating prisms 331 , 332, 333 and 
334, a superposing lens 323, a collimating lens. 140, a 
liquid crystal light valve 1 50, and a projection lens 1 60. 
[0060] In the first preferred embodiment of the present 
invention, only one rotating prism is disposed between 
the collimating lens and the superposing lens, whereas 
in the third preferred embodiment of the present inven- 
tion, a plurality of rotating prisms 331 , 332, 333 and 334 
are disposed between the fly-eye lenses 321 and 322 
corresponding to each of the partial light beams split by 
the fly eye lens 321. More specifically, as shown in the 
drawing, each rotating prism is placed in the corre- 
sponding set, respectively, by making the partial light 
beams with each of the rotating prism existing on the 
same column as a set. Since the other points are similar 
to those of the first preferred embodiment of the present 
invention, the explanations therefore are omitted. 
[0061 ] Further, the fly-eye lenses 321 and 322 and the 
superposing lens 323 as an irradiation optical system 
serve as an irradiation optical system to irradiate the il- 
lumination light having a uniform luminance distribution 
on a region of 1/2 size in the longitudinal direction of the 
image-forming area of the liquid crystal light valve 150 
having the image-forming area with an aspect ratio of 4: 
3, that is, 1/2 portion of the overall area of the image- 
forming area. This represents an example that a shape 
of the region to irradiate the illumination light is different 
from that of the aforementioned embodiments. 
[0062] Therefore, in the projector 300, since the plu- 
rality of rotating prisms 331 , 332, 333 and 334 are dis- 
posed as an illumination-light scanning optical system 
capable of scanning the illumination light on the image- 


forming area, each of the partial light beams split by the 
fly eye lens 321 passes through the plurality of rotating 
prisms 331 . 332. 333 and 334 while shifting the optical 
axis in relation to the rotations of the plurality of the ro- 

5 tating prisms 331 , 332 : 333 and 334 and the index of 
refraction. Further, each of the partial light beams is su- 
perimposed on the 1/2 portion of the image-forming area 
of the liquid crystal light valve 150 by the superposing 
lens 323, as a result, similar to the function represented 

10 in the first preferred embodiment of the present inven- 
tion, the illumination light is illuminated by keeping the 
luminance distribution thereof uniform while scanning 
on the image-forming area of the liquid crystal light valve 
150. 

15 [0063] As explained above, the plurality of rotating 
prisms 331 , 332, 333 and 334 are disposed correspond- 
ing to the plurality of partial light beams split by the fly 
eye lens 321, since the scanning is implemented for 
each of the divided partial light beams by the plurality of 

20 rotating prisms, the third preferred embodiment of the 
present invention obtains the effect similarto that of the 
first preferred embodiment and at the same time, the 
construction in which the illumination light can be 
scanned on the image-forming area can be realized by 

25 disposing a relatively small rotating prism matched with 
the size of the partial light beam in the projector com- 
pactly. 

(Fourth Embodiment) 

30 

[0064] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 
al represents the same element as described in the pre- 
vious preferred embodiments and the common descrip- 

35 tions for the operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 
are substantially equal to each other, and then the basic 
explanation is omitted. 

40 [0065] Fig. 7 is a schematic diagram for illustrating a 
projector 400 in accordance with a fourth preferred em- 
bodiment of the present invention. The projector 400 
mainly includes a light source 110, a condensing lens 
471 , a rod 472, a pair of imaging lenses 473 and 474, a 

45 rotating prism 1 30, a collimating lens 1 40, a liquid crystal 
light valve 150, and a projection lens 160. 
[0066] In the first preferred embodimenlof Ihe present 
invention, the fly eye lens and the superposing lens are 
utilized as an irradiation optical system, whereas, in the 

so fourth preferred embodiment of the present invention, 
the condensing lens 471, a rod 472, and the imaging 
lenses 473 and 474 arc utilized as an irradiation optical 
system. 

[0067] As shown in Fig. 7, the illumination light emit- 
55 ted from the light source 1 1 0 is incident onto an incident 
end of the rod 472, made of a material such as a glass, 
in the form of rectangular column by being condensed 
by the condensing lens 471. Further, the illumination 
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light is emitted from the emission end while reflecting at 
the outside wall by using the total reflection condition of 
the interface in the outside wall of the rod 472. Further, 
the rod 472 is not limit to the rectangular column shape, 
but, a rod of cavityhaving inside surface formed of a re- 
flective film can be also used. 

[0068] The external shape of the emission end of the 
rod 472, viewed along the direction of an optical axis, is 
formed by changing the ratio and the external shape of 
the image-forming area of the liquid crystal light valve 
150 as a spatial light modulator for forming image light 
by modulating the illumination light based on an electri- 
cal signal. Here, the external shape of the image-form- 
ing area of the liquid crystal light valve 150 has a rec- 
tangular shape having an aspect ratio of 4:3, and the 
external shape of the emission end of the rod 472 has 
a rectangular shape having an aspect ratio of 4:1 . 
[0069] Further, since the illumination light emitted 
from the rod 472 passes through the imaging lenses 473 
and 474 constructed as an imaging lens unit to image 
the image emitted from the emission end of the rod 472 
on the image-forming area of the liquid crystal light valve 
150, and the collimating lens 140, it is possible that the 
illumination light having a uniform luminance distribution 
is illuminated on a region being narrower than the im- 
age-forming area of the liquid crystal light valve 150, i. 
e., a portion of 1/3 of the image-forming area. Here, 
since the rotating prism 130 is disposed between the 
rod 472 and the liquid crystal light valve 150 as an illu- 
mination-light scanning optical system to scan the illu- 
mination light on the image-forming area., the illumina- 
tion light passes through the rotating prism 130 while 
shifting the optical axis in relation to the rotation of the 
rotating prism 130 and the index of the refraction. As a 
result, similar to the function represented in the first pre- 
ferred embodiment of the present invention, the illumi- 
nation light is illuminated while being scanned on the 
image-forming area of the liquid crystal light valve 150. 
[0070] Further, in the specification, the imaging lens 
unit to image the image emitted from the emission end 
of the rod on the image-forming area is not necessarily 
limited to that with the aspect ratio of 1:1 of the image. 
Therefore, although the aspect ratio of the image is 
changed, the meaning of the imaging is the same in the 
imaging lens unit. Further, the shape of the emission end 
of the rod is not limit to the aspect ratio, the shape and 
the size as described above. 

[0071] As explained above, in accordance with the 
fourth preferred embodiment of the present invention, it 
obtains an effect similar to that of the first preferred em- 
bodiment and at the same time, the irradiation optical 
system to irradiate the illumination light on a region be- 
ing narrower than the whole area of the image-forming 
area is easily realized while matching the luminance dis- 
tribution of the light source by the combination of the 
shape of the terminal end of the rod member and the 
condensing magnification of the imaging lens unit. 


(Fifth Embodiment) 

[0072] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 

5 al represents the same element as described in the pre- 
vious preferred embodiments and the common descrip- 
tions for the operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 

10 are substantially equal to each other, and then the basic 
explanation is omitted. 

[0073] Fig. 8 shows a schematic diagram for illustrat- 
ing a projector in accordance with a fifth preferred em- 
bodiment of the present invention. The projector 500 
15 mainly includes a light source 110, a condensing lens 
471 , a rod 572, a pair of imaging lenses 573 and 574, a 
plurality of rotating prisms 531 , 532 and 533, a collimat- 
ing lens 140, a liquid crystal light valve 1 50, and a pro- 
jection lens 160. 
20 [0074] In the fourth preferred embodiment of the 
present invention, there is explained that only one rotat- 
ing prism is disposed between the rod 472 and the liquid 
crystal tight valve 1 50. whereas, in the fifth preferred em- 
bodiment of the present invention, the plurality of rotat- 
es ing prisms 531 , 532 and 533 are disposed between the 
rod 572 and the liquid crystal light valve 1 50 correspond- 
ing to the partial light beam divided after emitting from 
the rod 572. More specifically, as shown in the drawing, 
one rotating prism is placed in the corresponding set, 
30 respectively, by making the partial light beams with each 
of the rotating prisms existing on the same column as a 
set. Since the other points are similar to those of the 
fourth preferred embodiment of the present invention, 
the explanations therefore are omitted. 
35 [0075] Further, the rod 572 as an irradiation optical 
system, a pair of imaging lenses 573 and 574 and a col- 
limating lens 140 function as irradiation optical system 
to scan the illumination light having a uniform luminance 
distribution in a region having 2/3 size, in a longitudinal 
40 direction, of the image-forming area of the liquid crystal 
light valve 150 having the image-forming area with an 
aspect ratio of 4:3, i.e., the 2/3 portion of the overall area 
of the image-forming area. These represent another ex- 
ample of shape for a region to scan the illumination light 
45 different from that of the preferred embodiments de- 
scribed above. 

[0076] Therefore, in the projector 500, since the plu- 
rality of rotating prisms 531 , 532 and 533 are disposed 
as an illumination-light scanning optical system capable 
50 of scanning the illumination light on the image-forming 
area, each of the partial light beams divided after the 
emission of the rod 572 passes through the plurality of 
rotating prisms 531 , 532 and 533 while shifting the op- 
tical axis in relation to the rotations of the plurality of ro- 
55 tating prisms 531 , 532 and 533 and the index of refrac- 
tion. Further, since each of the partial light beams divid- 
ed after the emission of the rod 572 passes through the 
imaging lenses 573 and 574 configured by an image 
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lens unit to image the image of the emission end of the 
rod 572 on the image forming region of the liquid crystal 
light valve 1 50, and the collimating lens 1 40, and is illu- 
minated on the 2/3 portion of the image forming region 
of the liquid crystal light valve 150, as a result, similar 
to the function represented in the first preferred embod- 
iment of the present invention, the illumination light is 
scanned by illuminating the luminance distribution uni- 
formly while being scanned on the image-forming area 
of the liquid crystal light valve 1 50. 
[0077] As stated above, in accordance with the fifth 
preferred embodiment of the present invention, since 
the scanning is implemented for each of the partial light 
beams by the plurality of the rotating prisms, the present 
invention obtains an effect similar to that of the first pre- 
ferred embodiment and at the same time, an optical sys- 
tem utilizing a rod constructed compactly by disposing 
a relatively small size of rotating prism while accommo- 
dating the size of the partial light beams in the projector 
can be implemented. 

(Sixth Embodiment) 

[0078] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 
al represents the same element as described in the pre- 
. vious preferred embodiments and the common descrip- 
_ ..... ..... tionsforthe operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 
are equal to each other, and then the basic explanation 
is omitted. 

[0079] Fig. 9 shows a schematic diagram for illustrat- 
ing a projector in accordance with a sixth preferred em- 
bodiment of the present invention. The projector 600 
mainly includes a light source 1 1 0, a pair of fly-eye lens- 
es 621 and 622, a superposing lens 623, a plurality of 
rotating prisms 631 , 632 and 633, a pair of dichroic mir- 
rors 681 and 682, a plurality of reflective mirrors 683, 
684 and 685, a plurality of collimating lenses 641, 642 
and 643, a plurality of relay lenses 644 and 645, a plu- 
rality of liquid crystal light valve 651 . 652 and 653, a di- 
chroic prism 686,' and a projection lens 160. 
[0080] The illumination light emitted from the light 
source 11 0, after passing through the fly-eye lenses 621 
and 622 and the superposing lens 623, illuminates to- 
ward the dichroic mirror 681 , serving as a color separa- 
tion optical system. Further, the fly-eye lenses 621 and 
622 as an irradiation optical system and a superposing 
lens 623 function as an irradiation optical system to il- 
luminate the illumination light having a uniform lumi- 
nance distribution in a 1/4 sized, in a traverse direction, 
region of the image-forming area of the plurality of the 
liquid crystal light valves 651 , 652 and 653 having the 
image-forming area with an aspect ratio of 4:3 ; i.e., a 
portion of 1/4 of the overall area of the image-forming 
area. This represents an example that a shape of the 
region to illuminate the illumination light is different from 


that of the aforementioned embodiments. 
[0081] As shown in Fig. 9, among the illumination 
lights irradiated to the dichroic mirror 681 as a color sep- 
aration optical system, a red light is reflected by the di- 

5 chroic mirror 681 , and is illuminated as an illumination 
light having a uniform luminance distribution in a region 
being narrower than the image-forming area of the liquid 
crystal light valve 651 , i.e.. a portion of 1/4 of the image- 
forming area via a reflective mirror 683 and a collimating 

10 lens 641 . Among the illumination lights irradiated toward 
the dichroic mirror 681 as a color separation optical sys- 
tem, the green light and the blue light are capable of 
transmitting the dichroic mirror 681 and illuminates to- 
ward the dichroic mirror 682 as a color separation optical 

15 system. 

[0082] Among the illumination lights irradiated toward 
the dichroic mirror 682 as a color separation optical sys- 
tem, the green light is reflected at the dichroic mirror 
682, and is illuminated as an illumination light having a 

20 uniform luminance distribution in a region being narrow- 
er than the image-forming area of the liquid crystal light 
valve 652, i.e., a portion of 1/4 of the image-forming area 
via a collimating lens 642. Among the illumination lights 
irradiated toward the dichroic mirror 682 as a color scp- 

25 aration optical system, the blue light transmits the dich- 
roic mirror 682, and is illuminated as an illumination light 
having a uniform luminance distribution in a region being 
narrower than the image-forming area of the liquiderys- 
tal light valve 653, i.e., a portion of 1/4 of the image- 

30 forming area via a pairof reflective mirrors 684 and 685, 
a pair of relay lenses 644 and 645 configured as a relay 
lens optical system, and a collimating lens 643. 
[0083] Further, the relay lens optical system is dis- 
posed on the optical path of the blue light to compensate 

35 the difference between the superposition for each of the 
colors due to the differences between the lengths of the 
optical paths. That is, by disposing on the optical path 
of the blue light the relay lenses 644 and 645 serving as 
a relay lens optical system to transmit the image while 

40 keeping the same size before the incidence and after 
the emission thereof, and the collimating lens 643, the 
effect due to the difference of lengths between the opti- 
cal paths is suppressed to superpose the illumination 
lights for each of the colors on the image-forming areas 

45 of the plurality of liquid crystal light valves 651, 652 and 
653. Therefore, in the image-forming areas of each of 
the liquid crystal light valves 551 , 652 and 653, the illu- 
mination lights having a uniform luminance distribution 
can be generated on the 1/4 region of the image-forming 

50 area. 

[0084] Here, since a plurality of rotating prisms 631 , 
632 and 633 arc disposed for each of the colors as an 
illumination-light scanning optical system capable of 
scanning the illumination light on the image-forming ar- 
55 ea, the illumination lights for each of the colors can pass 
through the plurality of rotating prisms 631 , 632 and 633 
while shifting the optical axis in relation to the rotation 
of the rotating prisms 631, 632 and 633 and the index 
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of the refraction. 

[0085] As a result, the preferred embodiment of the 
present invention is different from the first preferred em- 
bodiment of the present invention, in that the illumination 
light irradiated on the 1/4 region of the image-forming 
area is scanned along a direction of a long side of the 
image-forming area of the liquid crystal light valve in re- 
lation to the shape of the illumination light, the rotating 
axis of the rotating prisms and the arrangement of the 
liquid crystal light valve whereas, similar to the function 
represented in the first preferred embodiment, the illu- 
mination lights are illuminated while being scanned on 
the image-forming area of the plurality of liquid crystal 
light valves 651, 652 and 653. 

[0086] Therefore, by repeating the scanning of the il- 
lumination light at a high speed in the image-forming ar- 
ea of the liquid crystal light valves 651 , 652 and 653, if 
taking integration for a certain time period, the irradia- 
tion of the illumination light having a uniform luminance 
distribution at the image-forming area can be imple- 
mented. Further, paying attention to a part of the image 
forming region, since the illumination light is generated 
or is not generated periodically, there is occurred an ef- 
fect equal to an intermittent lighting. 
[0087] Referring back to Fig. 9, the illumination lights 
for each of the colors incident to the image-forming ar- 
eas of the plurality of the liquid crystal light valves 651, 
652 and 653 are modulated in the image-forming areas 
of the plurality of Ihe liquid crystal light valves 651 , 652 
and 653 based on an electrical signal, and guided to the 
direction of the projection lens 1 60 by the dichroic prism 
686 as a color synthesizing optical system. Further, the 
dichroic prism 686 has a function for forming, by attach- 
ing 4 triangle prisms, a first optical multi layer film capa- 
ble of transmitting a green light by reflecting a red light 
and a second optical multi layer film capable of trans- 
mitting a green light by reflecting the blue light at the 
interfacing surface of the attached triangle prisms, and 
for synthesizing the red light, the green light and the blue 
light incident from three different directions, respective- 
ly, to emit the synthesized light beam to the projection 
lens 160. Further, the illumination light incident to the 
projection lens 160 is projected on a screen (not shown) 
and the image is displayed on the screen as an image 
light. 

[0088] At this time, the plurality of rotating prisms 631 , 
632 and 633 are independently controlled by a control- 
ling unit (not shown) and are rotated. As shown in the 
drawing as an arrow, by rotating the rotating prism 632 
in a direction opposite to that of the rotating prisms 631 
and 633, the illumination light is controlled so that the 
scanning directions of the image lights irradiated onto 
the screen are corresponding to each of the colors. Fur- 
ther, by changing the refraction angle of the rotating 
prism corresponding to each of the colors, the scanning 
of the illumination light is controlled in such a way that 
each of the colors is overlapped in the image lights on 
the screen. 


[0089] As stated above, in accordance with the sixth 
preferred embodiment of the present invention, since 
the projector 600 is provided with the dichroic mirrors 
68 1 and 682 as a color separation optical system to sep- 

5 arate the illumination light, and also, includes the plural- 
ity of rotating prisms 631 , 632 and 633 disposed for each 
of the colors, respectively, as an illumination-light scan- 
ning optical system to scan the illumination light, the 
sixth preferred embodiment of the present invention is 

10 capable of obtaining an effect similar to that of the first 
preferred embodiment. 

[0090] Further, at the same time, it is allowable that 
the scanning direction and the illumination position are 
equal to each other for each of the colors in the image 

*5 of the screen in response to the difference between the 
rotation direction of at least one rotating prism, that is, 
the rotating prism 632, in the preferred embodiment of 
the present invention, and the rotation directions of the 
other rotating prisms 631 and 633, and it is possible lo 

20 prevent such a flicker of the color as to be unpleasant 
to the human eye as the structure in which a display 
such as independent and intermittent lighting due to 
each of the colors can be avoided. 

25 (Seventh Embodiment) 

[0091 ] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 
al represents the same element as described in the pre- 

30 vious preferred embodiments and the common descrip- 
tions for the operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 
are substantially equal to each other, and then the basic 

35 explanation is omitted. 

[0092] Fig. 10 shows a schematic diagram for illus- 
trating a projector in accordance with a seventh pre- 
ferred embodiment of the present invention. The projec- 
tor 700 mainly includes a light source 110, a pair of fly- 

40 eye lenses 721 and 722, a superposing lens 723, a ro- 
tating prisms 730, a pair of dichroic mirrors 681 and 682, 
a plurality of reflective mirrors 683, 684 and 685, a plu- 
rality of collimating lenses 641 , 642 and 643, a plurality 
of relay lenses 744, 745, 746 and 747, a plurality of liquid 

45 crystal light valves 651 , 652 and 653, a dichroic prism 
686, and a projection lens 160. 

[0093] In the sixth preferred embodiment of the 
present invention, the rotating prisms are disposed for 
each of the colors, respectively and a set of the relay 
50 lens optical system is utilized, whereas, in the seventh 
preferred embodiment of the present invention, the ro- 
tating prism 730 is disposed at the roar end of the su- 
perposing lens, and two set of systems, i.e., a system 
including a plurality of relay lenses 744, 745 and 746 of 
55 a relay lens optical system as a relay imaging means 
and a system including a pair of relay lenses 746 and 
747 and a collimating lens 643, are utilized. 
[0094] The illumination light emitted from the light 
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source 110. by passing through the fly-eye lenses 721 , 
722 and the superposing lens 723, is irradiated to the 
rotating prism 730. Further, the illumination light incident 
to the rotating prism 730, while shifting the optical axis 
in relation to the rotation of the rotating prism 730 and s 
the index of the refraction, passes through the rotating 
prism 730. Further, the illumination light, after being di- 
vided into a red light, a green light and a blue light by 
the dichroic mirror 681 and 682 as a color separation 
optical system, is illuminated while being scanned on 10 
the image-forming areas of the plurality of liquid crystal 
light valves 651 , 652 and 653 corresponding to each of 
the colors, respectively, via the mirrors and the lenses 
disposed on the optical paths for each of the colors. Like 
this, in the preferred embodiment of the present inven- 15 
tion, a color separation optical system is prepared at the 
rear side of the rotating prism 730 as an illumination- 
light scanning optical system. By doing so, by arranging 
at least one of rotating prism 730. it is possible to imple- 
ment the moving picture display of clear full color imag- 20 
es. 

[0095] Further, the illumination lights for each of the 
colors incident to the image-forming areas of the plural- 
ity of the liquid crystal light valves 651 , 652 and 653, arc 
guided toward the direction of the projection lens 1 60 by 25 
the dichroic prism 686 as a color synthesizing optical 
system by being modulated in the image-forrning areas 
of the plurality of liquid crystal light valves 651 , 652 and 
653 based on the electrical signal. Further the illumina- 
tion light incident to the projection lens 1 60 is projected 30 
onto a screen (not shown) and the image is displayed 
on the screen as an image light. 

[0096] At this time, since on optical path of an illumi- 
nation light having a long optical path, that is, of the blue 
light, among the illumination lights divided in color by 35 
the dichroic mirrors 681 and 682 as the color separation 
optical system, a system including the plurality of relay 
lenses 744. 745 and 746 as a relay lens optical system 
to transmit the image in the same direction before the 
incidence and after the emission and a system including 40 
the relay lenses 746 and 747 and the collimating lens 
643 are arranged as two sets, the illumination light is 
projected in such a way that the scanning directions for 
each of the colors are corresponding to each other for 
the image light to be irradiated on the screen. 
[0097] That is, in case the one set of relay lens optical 
system is employed, the directions of the images before 
the incidence and after the emission are inverted as rep- 
resented by a pair of arrows shown in Fig. 1 1 , whereas, 
in case the two sets of the relay lens optical systems are so 
employed, the directions of the images before the inci- 
dence and aftcrthc emission are equal to each other as 
represented by arrows shown in Fig. 12, so that also in 
the projector 700, with regard to the image of the scan- 
ning direction, the directions of the images before the 55 
incidence and after the emission become equal, where- 
by the phenomenon that only the blue light is scanned 
in a direction opposite to those of the red light and the 


green light in the image lights illuminated onto the 
screen can be avoided, even if the relay lens is em- 
ployed. 

[0098] As described above, in accordance with the 
seventh preferred embodiment of the present invention, 
a projector 700 includes a pair of dichroic mirrors 681 
and 682 as a color separation optical system to separate 
the illumination light, and also, in an optical path of a 
illumination light having a long optical path among the 
illumination lights separated in color, specifically in the 
optical path of the blue light of the preferred embodi- 
ment, a relay lens optical system is arranged as a relay 
imaging means for transmitting the images in the same 
direction before the incidence and after the emission, so 
that the present invention can obtain the same effect as 
that of the first preferred embodiment of the present in- 
vention and at the same time, can avoid an adverse ef- 
fect to invert in the scanning direction of the image al- 
though the relay lens optical system is employed. 
[0099] Further, in the preferred embodiment of the 
present invention, although the present invention em- 
ploys the system including the plurality of relay lenses 
744, 745 and 746 and the system including the relay 
lenses 746 and 747 and the collimating lens 643 as a 
relay lens optical system to transmit the image in the 
same direction before the incidence and after the emis- 
sion, the present invention is not limited to these exem- 
plary embodiments, but, as shown in Fig. 1 3, the system 
can be replaced with a relay lens optical system con- 
structed by a system including a relay lens 748, a curved 
surface mirror 787 and a relay lens 749 and a system 
including a relay lens 749, a curved surface mirror 788 
and a collimating lens 643. 

(Eighth Embodiment) 

[01 00] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 
al represents the same element as described in the pre- 
vious preferred embodiments and the common descrip- 
tions for the operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 
are substantially equal to each other, and then the basic 
explanation is omitted. 

[0101] Fig. 14 shows a schematic diagram for illus- 
trating a projector in accordance with an eighth pre- 
ferred embodiment of the present invention. A projector 
800 mainly includes a light source 1 1 0, a pair of fly-eye 
lenses 721 and 722, a superposing lens 723, a rotating 
prisms 730, a pair of dichroic mirrors 681 and 682, a pair 
of reflective mirrors 683 and 685, a plurality of collimat- 
ing lenses 641 , 642 and 643, a pair of relay lenses 844 
and 845, an image-inverting prism 890, a plurality of liq- 
uid crystal light valves 651, 652 and 653, a dichroic 
prism 686, and a projection lens 160. 
[0102] In the seventh preferred embodiment of the 
present invention, although the two sets of the relay lens 
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optical systems are employed, in the eighth preferred 
embodiment of the present invention, there is a differ- 
ence in that a set of relay lens optical system is config- 
ured by a pair of relay lenses 844 and 845 and a colli- 
mating lens 643 and an image-inverting prism 890 is ar- 
ranged in the optical path thereof. Therefore, since the 
explanations forthe red light and the green light are sim- 
ilar to those of the seventh preferred embodiment of the 
present invention, the explanations are omitted, and the 
explanation forthe blue light arranged in the relay lens 
optical system is described hereinafter. 
[0103] Referring to Fig. 14, since one set of relay lens 
optical system is utilized in the optical path of the blue 
light, in accordance with the explanation described 
above, the scanning direction of the image is inverted, 
and only the blue light is scanned in a direction opposite 
to those of the red light and the green light in the image 
light irradiated onto the screen. However, since, in ad- 
dition, an image-inverting prism 890 is arranged in the 
optical path of the blue light for inverting the scanning 
direction for the images, finally, the effect that only the 
blue light is scanned in a direction opposite to those of 
the green light and the red light is avoided without in- 
verting the scanning direction of the image. Further, the 
image-inverting prism employed in this preferred em- 
bodiment is the form of a penta prism and is capable of 
inverting the image as shown in Fig. 15. 
[0104] As described above, in accordance with the 
eighth preferred embodiment of the present invention, 
since the projector 800 is provided with the dichroic mir- 
rors 681 and 682 as a color separation optical system 
to separate the illumination light, and also, is arranged 
by an image-inverting prism 890 for inverting the scan- 
ning direction of the image for at least one of the illumi- 
nation lights divided in color, the present embodiment 
can obtain an effect similar to that of the first preferred 
embodiment of the present invention, and at the same 
time, can avoid an adverse effect due to the inversion 
of the scanning direction of the image although the relay 
lens optical system is employed. 
[0105] Further, in accordance with the preferred em- 
bodiments of the present invention, although the penta 
prism 891 is employed as an image-inverting prism as 
shown in Fig. 15, it is allowable that a loop prism 892, 
shown in Fig. 1 6, or a dove prism 893 shown in Fig. 1 7 
is appropriately arranged with accommodated with the 
optical system. 

(Ninth Embodiment) 

[01 06] In the preferred embodiment of the present in- 
vention described hereinafter the like reference numer- 
al represents the same element as described in the pre- 
vious preferred embodiments and the common descrip- 
tions for the operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 
are substantially equal to each other, and then the basic 


explanation is omitted. In each of the preferred embod- 
iments of the present invention described above, a liquid 
. crystal light valve of a transmission type is utilized, 
whereas, in the ninth preferred embodiment, a liquid 

5 crystal light valve of a reflective type is utilized. 

[0107] Fig. 23 shows a schematic structure for illus- 
trating a projector 900 in accordance with a ninth pre- 
ferred embodiment of the present invention. The illumi- 
nation light emitted from the light source 110 is incident 

io on a collimating lens 924 by passing through a pair of 
fly-eye lenses 921 and 922 and a superposing lens 923. 
The collimating lens 924 emits by changing the incident 
light beam into a substantially parallel light beam. The 
fly-eye lenses 921 and 922 and the superposing lens 

15 923 as the irradiation optical system function as an irra- 
diation optical system to irradiate the illumination light 
having a uniform luminance distribution on a 1/4 region 
of the image-forming areas, in a traverse direction, of 
the plurality of reflective type of liquid crystal light valves 

20 951 R, 951 G and 951 B having an image-forming area 
with an aspect ratio of 4:3, i.e., a portion of 1/4 of the 
overall image-forming area. 

[01 08] The illumination light emitted from the collimat- 
ing lens 924 is incident onto a rotating prism 930. The 

25 rotating prism 930 rotates in a direction represented by 
an arrow shown in the drawing. In accordance with the 
rotation of the rotating prism 930, the illumination light 
is emitted from the rotating prism 930 while shifting the 
optical axis in relation to the rotation angle and the index 

30 of the refraction. The illumination light emitted from the 
rotating prism 930 is incident onto a polarizing prism 
935. The polarizing prism 935 is formed in such a way 
that a polarizing film 935a is approximately 45° with re- 
spect to the optical axis of the irradiation optical system. 

35 The polarizing film 935a has optical characteristics, for 
example, that p polarized component of the illumination 
light is transmitted therethrough, and s polarized com- 
ponent of the illumination light is reflected therefrom. 
The reflected s polarized component is discarded as un- 

40 necessary light beams, along the direction denoted by 
arrow A. The illumination light emitted from the polariz- 
ing prism 935 is incident onto a cross dichroic prism 940 
as a color separation synthesizing optical system. 
[0109] The cross dichroic prism 940 is provided with 

45 a B light reflection dichroic film 940a and an R light re- 
flection dichroic film 940b, each of the dichroic films be- 
ing inclined at an angle of 45° wilh respect to an incident 
optical axis and also arranged in the form of X perpen- 
dicular to each other. The B light reflection dichroic film 

50 940a, reflects only a blue light among the illumination 
light, and transmits a red light and a green light. The R 
light reflection dichroic film 940b reflects the red light 
among the illumination light, and transmits the blue light 
and the green light. By doing so, the illumination light 

55 incident to the cross dichroic prism 940, being vertical 
to the incident optical axis to each other, divides the 
color of the illumination light into the red light, the green 
light and the blue light traveling to the opposite direc- 
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. tions. 

[0110] The red light, the green light and the blue light 
separated in color is incident onto the plurality of the re- 
flective type of liquid crystal light valves 951 R, 951 G and 
951 B arranged for each of the colors, respectively. The 
p polarized lights incident onto each of the liquid crystal 
light valves 951 R, 951G and 951B are modulated for 
each of the colors based on an image signal, thereby 
emitting as an s polarized light. The light reflected from 
each of liquid crystal light valves 951 R, 951 G and 951 B 
for each of the colors is incident on the cross dichroic 
prism 940 again. Further, the light synthesized in color 
at the cross dichroic prism 940 is incident on the polar- 
ized light beam splitter 935. Among the image light 
beams incident to the polarized light beam splitter 935, 
the s polarized component as a modulated light beam 
is reflected at the polarizing film 935a in the direction of 
the projection lens 960. Further, the p polarized compo- 
nent as a non-modulaled light beam is discarded in the 
direction of the light source 110 by transmitting the po- 
larizing film 935a. Further, the projection lens 960 trans- 
mits the full color image onto the screen (not shown). 
[0111] In the preferred embodiments of the present 
invention, in relation of the shape of the illumination light 
and the arrangement between the rotation axis of the 
rotating prism and the liquid crystal light valves, the illu- 
mination light irradiated on a 1/4 portion of the image- 
forming area is scanned =a|ong a long side direction of 
the image-forming area of the liquid crystal light valve. 
Thus, the illumination light is irradiated while being 
scanned on the image-forming areas of the plurality of 
reflective type of liquid crystal light valves 951 R t 951G 
and 951 B. 

[0112] Therefore, since the scanning of the illumina- 
tion light is performed at a high speed by repeating the 
scanning of the illumination light on the image-forming 
areas of the plurality of reflective type of liquid crystal 
light valves 951 R, 951 G and 951 B, if taking an integra- 
tion for a certain time period, it can be realized that the 
illumination light having a uniform luminance distribution 
in the image-forming area is irradiated. Further, paying 
attention to a part of the image-forming area, since the 
illumination light is generated or is not generated peri- 
odically, there is occurred an effect equal to an intermit- 
tent lighting. 

[0113] Further, in the preferred embodiments of the 
present invention, only one rotating prism 930 is utilized. 
But, the present invention is not limited to this, as stated 
in the third preferred embodiment of the present inven- 
tion, it is preferable that the plurality of rotating prisms 
331 , 332, 333 and 334 (refer to Fig. 6) be arranged be- 
tween the fly-eye lenses 921 and 922 corresponding to 
each of the partial light beams split by the fly eye lens 
921. More specifically, as shown in Fig. 6, one rotating 
prism is placed in the corresponding set, respectively, 
by making the partial light beams with each of the rotat- 
ing prisms existing on the same column as a set. By this 
configuration, the illumination light can be scanned on 


the image-forming area of the reflective type of liquid 
crystal light valves 951 R, 951 G and 951 B. 

(Tenth Embodiment) 

5 

[0114] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 
al represents the same element as described in the pre- 
vious preferred embodiments and the common descrip- 

10 tions for the operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 
are substantially equal to each other, and then the basic 
explanation is omitted. In each of the preferred embod- 

'5 iments of the present invention described above, liquid 
crystal light valves of a transmission type or a reflective 
type are utilized, whereas, in the tenth preferred embod- 
iment, a tilting mirror device is utilized as a spatial light 
modulator. A digital micro mirror device (manufaclured 

20 by Texas Instrument INC, hereinafter referring as DMD) 
is utilized as a representative example for the tilting mir- 
ror device. 

[01 15] DMD is different from the liquid crystal panel 
in a method for displaying an imago. In the DMD, the 
25 image is formed by time integrating on or off of the illu- 
mination light in a predetermined time, for example, 
within a time of one frame in the image. Further, the de- 
tailed description of the DMD operation is described be- 
low. In such DMD, if the light emitting time of the image 
30 in the predetermined time (e.g., 1 frame) is continued or 
is close to the light emitting time of the image of the fol- 
lowing predetermine time (e.g., 1 frame), similar to the 
liquid crystal light valve described above, ablurroccurrs 
in the moving pictures. In the preferred embodiment of 
35 the present invention, such effect can be decreased. 
[01 1 6] Figs. 24 and 25 are schematic diagrams for il- 
lustrating the projector 1100 in accordance with the 
tenth preferred embodiment of the present invention. 
Fig. 24 represents the optical path from the light source 
^0 to the spatial light modulator. Further, Fig. 25 represents 
the optical path from the spatial light modulator to the 
projection lens. First, in Fig. 24, the illumination light 
emitted from the light source 110, by being condensed 
by a condensing lens 471 , is incident onto the incidence 
^5 end of a rod 472, made of a material such as a glass, in 
the form of a rectangular column. Further, in the outer 
wall of the rod 472, the illumination light is emitted at the 
emission end of the rod 472 while reflecting to the outer 
wall by utilizing a total reflection condition of the inter- 
so face. Further, the rod 472 is not limited to the rectangular 
column shape, a rod of cavity forming the inside surface 
as a reflective film can be used. 

[01 17] The external shape of the emission end of the 
rod 472, viewed along the direction of an optical axis,-is 
55 formed by changing the ratio and the external shape of 
the image-forming area of the spatial light modulator for 
forming an image light by modulating the illumination 
light based on an electrical signal. Further, described 
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hereinafter, the external shapes of the image-forming 
areas of the plurality of DMDs 1 1 5 1 R, 11 51 G and 1 1 51 B 
for each of the colors are rectangular shapes having an 
aspect ratio of 4:3, and the external shape of the emis- 
sion end of the rod 472 is formed by a rectangular shape 5 
having an aspect ratio of 4:1 . 

[0118] Further, the illumination light emitted from the 
rod 472 transmits through an imaging lens unit 1123 to 
image the image of the emission end of the rod 472 on 
the image-forming areas of the plurality of DMDs 1 1 51 R, 1 o 
1151G and 1151B foreachof the colors. As a result, the 
illumination light having a uniform luminance distribution 
on an area which is smallerthan the image-forming area 
of the plurality of DMDs 1151R, 1151G and 1151 B for 
each of the colors, i.e., a 1/3 portion of the image-form- '5 
ing area can be generated. Here, since the rotating 
prism 1130 is disposed between the rod 472 and the 
plurality of DMDs 1151 R, 1151G and 1151B for each of 
the colors as an illumination-light scanning optical sys- 
tem to scan the illumination light on the image-forming 20 
areas, the illumination light passes through the rotating 
prism 1130 while shifting the optical axis in relation to 
the rotation of the rotating prism 1130 and the index of 
the refraction. As a result, the illumination light is irradi- 
ated by scanning at the image forming region of the plu- 25 
ralrtyof DMDs 1151R, 1151G and 1151Bforeach of the 
colors. The illumination light emitted from the rotating 
prism 1130 is incident onto a color separation/synthesis 
dichroic prism 1140. Further, in the drawing, the rotating 
prism 1 1 30 is rotated around an axis parallel to the plane 30 
of the paper or perpendicular to the optical axis. 
[01 1 9] Next, a configuration that the color separation/ 
synthesis dichroic prism 1140 divides the illumination 
light into the red light, the green light and the blue light 
is explained. The color separation/synthesis dichroic 35 
prism 1140 is configured by combining 3 wedge type 
prisms 1140R. 1140G and 1140B, each of the prisms 
being different from each other in shape. 
[0120] The prism 1140R is a prism in the form of a 
column having a cross section of a triangular shape. On *o 
the plane of the prism 1140R, adjacent to the prism 
1140B described hereinafter, an R light reflection dich- 
roic film DR is formed to reflect the red light and to trans- 
mit the green light and the blue light. The prism 1140B 
is also a prism in the form of a column having a triangular -*s 
cross section. On a plane of the prism 1140B, adjacent 
to the prism 1140G described hereinafter a B light re- 
flection dichroic film DB is formed to reflect the blue light 
and to transmit the green light. The prism 1140G is a 
prism in the form of a column having a cross section of so 
an approximately trapezoidal shape with one side there- 
of formed as an inclined side. The plane of tho prism 
1 1 40G corresponding to the inclined side surface is dis- 
posed in contact with the B light reflection dichroic film 
DB of the prism 1140B. Further, the prism 1140B is ar- 55 
ranged in such a way that a very small gap between the 
prism and the prism 1140R is maintained. 
[0121] The color separation/synthesis dichroic prism 


1140 described above separates the illumination light 
into the red light, the green light and the blue light. In 
the neighboring portion of the emission surface for each 
of the colors at the color separation/synthesis dichroic 
prism 1140, the plurality of DMDs 1151 R, 1151G and 
1151B are arranged as a spatial light modulator. In the 
image-forming areas for each of the DMDs 1151 R, 
1151G and 1151 B 5 a plurality of tilting mirror devices are 
disposed. The tilting mirror device is provided with a 
moving mirror unit for alternatively selecting a first re- 
flection position and a second reflection position. Fur- 
ther, for example, when the moving mirror unit is placed 
at the first reflection position (ON), the incident light is 
reflected to the direction of the projection lens 1160. On 
the other hand, when the moving mirror unit is placed at 
the second reflection position (OFF), the incident light 
is discarded by reflecting in the directions different from 
the direction of the projection lens 1160. 
[01 22] Fig. 25 represents an optical path when the im- 
age light modulated by each of the DMDs 1151 R, 1151G 
and 1151 B in response to the image signal is incident 
on the projection lens 1 1 60. Each of the color lights mod- 
ulated by the DMDs 1151 R, 1151G and 1151B is color 
synthesized at the color separation/synthesis dichroic 
prism 1 140. Further, as described above, the image light 
modulated in response to the image signal is projected 
on a screen (not shown) by the projection lens 1160. 
[0123] Like this embodiment, in case the DMD is uti- - 
Ii7ed as a spatial light modulator, in relation of the shape 
of illumination light and the arrangement between the 
rotation axis of the rotating prism and the DMD ? the illu- 
mination light irradiated on a portion, for example, a 1/3 
portion, of the image-forming area is scanned on the im- 
age-forming area of the DMD along a short side direc- 
tion. Like this, the illumination light is irradiated while be- 
ing scanned on the image-forming areas of each of the 
DMDs 1151 R, 1151G and 1151 B. 
[01 24] Therefore, by being processed at a high speed 
by repeating the scanning of the illumination light onto 
the image-forming areas of each of the DMDs 1151 R, 
1151G and 1151B, if taking an integration for a prede- 
termined time period, it is possible that the illumination 
light having a uniform luminance distribution at the im- 
age-forming area is irradiated. Further, paying attention 
to a portion of the image-forming area, since the illumi- 
nation light is generated or is not generated periodically, 
there occurs an effect equal lo an intermittent lighting. 

(Eleventh Embodiment) 

[0125] In the preferred embodiment of the present in- 
vention described hereinafter, the like reference numer- 
al represents the same element as described in the pre- 
vious preferred embodiments and the common descrip- 
tions for the operation and the function are omitted. Fur- 
ther, in the case of using the similar term, although the 
reference numerals are different, the functions thereof 
are substantially equal to each other, and then the basic 
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explanation is omitted. 

[0126] Fig. 26 illustrates a schematic construction of 
an image display device 1200 in accordance with an 
eleventh preferred embodiment of the present inven- 
tion. The image display device 1 200 is different from the 
projector 100 in accordance with the first preferred em- 
bodiment of the present invention in that the image dis- 
play device does not include a projection lens 160. The 
illumination light emitted from the light source 110 is in- 
cident onto the collimating lens 140 after passing 
through the fly-eye lenses 121 and 122 and the super- 
posing lens 1 23. The collimating lens 1 40 emits by con- 
verting the incident light into a substantially parallel light. 
The fly-eye lenses 121 and 122 and the superposing 
lens 123 as an irradiation optical system function as an 
irradiation optical system to irradiate the illumination 
light having a uniform luminance distribution on a 1/3 
region of the image-forming areas in a longitudinal di- 
rection of the transmission type of liquid crystal light 
valve 150 having an image-forming area with an aspect 
ratio of 4:3, i.e., a portion of 1/3 of the overall image- 
forming area. 

[0127] The illumination light emitted from the collimat- 
ing Ions 140 is incident to the rotating prism 130. The 
rotating prism 130 rotates in accordance with the direc- 
: tion represented by an arrow in the drawings. The illu- 
mination light is emitted from the rotating prism 130 in 
relation of the rotation angle and the index of the refrac- 
tion in accordance with the rotation of the rotating prism 
130 while shifting the optical axis. The illumination light 
emitted from the rotating prism 130 is incident onto the 
liquid crystal light valve 1 50. 

[0128] Therefore, by implementing the scanning at a 
high speed by repeating the scanning of the illumination 
light onto the image-forming area of the liquid crystal 
light valve 150, if taking an integration for a predeter- 
mined time period, it is possible that the illumination light 
having a uniform luminance distribution at the image- 
forming area is irradiated as shown in (e) of Fig. 3 as 
described above. Further, paying attention to a part of 
the image-forming area, since the illumination light is 
generated or is not generated periodically, there occurs 
an effect equal to an intermittent lighting. 
[0129] Referring back to Fig. 26, as explained above 
in Fig. 3, the illumination light incident to the image-form- 
ing area of the liquid crystal light valve 150 is emitted to 
a viewer side (not shown) by being modulated in the im- 
age-forming area of the liquid crystal light valve 150 
based on an electrical signal. By doing so, the viewer 
can directly watch the image. 

[0130] Further, in this embodiment, only one rotating 
prism 130 is utilized. However, the present invention is 
not limited to this, but, as stated in the third preferred 
embodiment, the plurality of rotating prisms 331, 332, 
333 and 334 (refer to Fig. 6) may be arranged between 
the fly-eye lenses 121 and 122 corresponding to each 
of the partial light beams split by the fly eye lens 121. 
More specifically, as shown in Fig. 6, each rotating prism 


is placed in the corresponding set, by making the partial 
light beams with each of the rotating prisms existing on 
. the same column as a set. By this configuration, the il- 
lumination light can be scanned on the image-forming 
5 area of the liquid crystal light valve 1 50. 

[0131] Further, the irradiation optical system, is not 
limited to the fly-eye lenses 1 21 and 1 22 and the super- 
posing lens 1 23, however, for example, the combination 
(refer to Fig. 7) of the condensinglens, the rod and the 
10 imaging lens described in the fourth preferred embodi- 
ment of the present invention may be employed as the 
irradiation optical system. Further, the position of the 
collimating lens 140 can be changed in any position in 
the optical path by the design. Further, in the optical path 
between the rotating prism 130 and the liquid crystal 
light valve 150, it may be possible that the lens system 
to increase or decrease the cross section of the illumi- 
nation light or an optical device such as a reflective mir- 
ror for changing the direction of the illumination light is 
prepared. 

[0132] Finally, in the lens array, the superposing lens, 
the rod, the imaging lens, the rotating prism, the liquid 
crystal light valve, the DMO, the image-inverting prism 
or the like represented in the preferred embodiments of 
the present invention, the arrangement, the shapes, the 
form, and the size thereof or the like are not limited to 
applying the optical systems of the projectors utilized in 
each of the preferred embodiments, but it is possible 
that those are applied to the other optical system without 
departing from the major sprit and scope of the present 
invention. For example, in the present invention, in case 
where a liquid crystal light valve is utilized as a spatial 
light modulator, the present invention may be combined 
with an optical device, disclosed in Japanese Unexam- 
ined Patent Application Publication No. 8-304739, for 
unifying the polarizations of the light, thereby improving 
the utilization efficiency of the light. 
[0133] Further, the irradiation optical system and the 
illumination-light scanning optical system are not limited 
to the lens array, the superposing lens, the rod, the im- 
aging lens, and the rotating prisms as described in the 
aforementioned embodiments, but the various changes 
and modifications of the present invention may be made 
without departing from the spirit and scope of the 
present invention defined. For example, a polygon mir- 
ror for scanning the light beam by rotating the polyhe- 
dron configuring the surfaces thereof as a reflection sur- 
face or an optical element for scanning the light by elec- 
trically controlling the orientation of the liquid crystal mo- 
lecular may be employed as the illumination-light scan- 
ning optical system. 

[0134] Further, the region, the shape and the scan- 
ning direction of the illumination light irradiated on the 
image-forming areas of the liquid crystal light valve or 
the DMD are not limited to the configurations represent- 
ed in each of the preferred embodiments, but the various 
changes and modifications of the present invention may 
be made without departing from the spirit and scope of 
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the present invention. 

[01 35] As stated above, in the projector and the image 
display device of the present invention, in the momen- 
tary time, although the irradiation of the illumination light 
is performed only a part of the image-forming area of 
the space light modulator by the irradiation optical sys- 
tem, in the range of a certain time, since the illumination 
light can be scanned on the image-forming area by the 
illumination-light scanning optical system, the irradiation 
of the illumination light having a uniform luminance dis- 
tribution over the overall image-forming area can be re- 
alized. As a result, in case where the image is projected 
onto the screen, the viewer can recognize the image by 
his eyes. 

[0136] Further, paying attention to the portion of the 
image-forming area, since the illumination light is illumi- 
nated or is not illuminated periodically, there occurs an 
effect equal to an intermittent lighting. As a result, even 
if the spatial light modulator is a hold type, the present 
invention can display a clear moving picture. 
[01 37] Further, the present invention is capable of dis- 
playing an image without becoming dark in comparison 
with the conventional device, since the amount of the 
light is also not changed from that of the conventional 
device when an amount of the light equal to that of the 
conventional projector and the image display device is 
illuminated from the light source. 

[0138] Therefore, by improving the display perform- 
ance of moving pictures, the present invention can pro- 
vide a projector and an image display device having a 
bright light or a good utilization efficiency of the light. 
[01 39] Specifically, the present invention can obtain a 
very high effect for the projector and the image display 
device by utilizing a liquid crystal light valve, which is 
one of the hold-type displays. 

Claims 

1 . An image display device comprising: 

a light source for emitting illumination light; 
a spatial light modulator having an image-form- 
ing area for forming image light by modulating 
the illumination light based on an electrical sig- 
nal; 

an irradiation optical system for irradiating the 
illumination light onto a region which is smaller 
than the image-forming area by converting at 
least one of the shape and the size of the light 
beam of the illumination light emitted from the 
light source; and 

an illumination-light scanning optical system for 
scanning the illumination light emitted by the ir- 
radiation optical system on the image-forming 
area. 

2. The image display device according to Claim 1, 


wherein the illumination-light scanning optical sys- 
tem is provided with a plurality of rotating prisms for 
changing the refractive angle of the illumination 
light, while rotating, to thus scan the illumination 
5 light. 

3. The image display device according to Claim 1 , 
wherein the irradiation optical system includes a 
lens array member for splitting the illumination light 

10 into a plurality of partial light beams to condense 
each of the divided partial light beams and a super- 
posing lens unit for superposing the divided partial 
light beams on the image-forming area or a conju- 
gate plane with respect to the image-forming area. 

15 

4. The image display device according to Claim 3, 
wherein the illumination-light scanning optical sys- 
tem is provided with a plurality of rotating prisms for 
changing the refractive angle of the illumination 

20 light, while rotating, to thus scan the illumination 

light, and at least one rotating prism is disposed be- 
tween the superposing lens unit and the spatial light 
modulator. 

25 5. The image display device according to Claim 3, 
wherein the illumination-light scanning optical sys- 
tem is provided with a plurality of rotating prisms for 
changing the refractive angle of the illumination 
light, while rotating* to thus scan the illumination 
light, and a plurality of the rotating prisms are ar- 
ranged according to the partial light beams split by 
the lens array member. 

6. The image display device according to Claim 1, 
wherein the irradiation optical system is provided 
with a rod part for reflecting the illumination light in- 
putted from an incident end on an inside wall or an 
outside wall to emit the reflected illumination light at 
an emission end, and an imaging lens unit for form- 
ing an image of the emission end on the image- 
forming area. 

7. The image display device according to Claim 6, 
wherein the illumination-light scanning optical sys- 
tem is provided with a plurality of rotating prisms for 
changing the refractive angle of the illumination 
light, while rotating, to thus scan the illumination 
light, and at least one rotating prism is disposed be- 
tween the rod part and the spatial light modulator. 

8. A projector, comprising: 

an image display device according to any one 
of Claims 1 to 7; and 

projection means for projecting an image dis- 
played on the image display device. 

9. The projector according to Claim 8, further compris- 
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ing a color separation optical system for splitting the 
illumination light scanned by the illumination-light 
scanning optical system into illumination light with 
at least two colors. 

5 

1 0. The projector according to Claim 8, further compris- 
ing a color separation optical system for splitting the 
illumination light scanned by the illumination-light 
scanning optical system into illumination light with 
at least two colors, and relay imaging means is dis- 10 
posed in an optical path of the illumination light hav- 
ing a larger optical path than the other illumination 
light among the illumination light separated in color 
by the color separation optical system, the relay im- 
aging means transmitting the image before the in- '5 
cidence and the image after the emission in the 
same direction. 


1 1 . The projector according to Claim 8, further compris- 
ing a color separation optical system for splitting the 20 
illumination light scanned by the illumination-light 
scanning optical system into illumination light with 

at least two colors, and an image-inverting prism is 
disposed so as to invert the scanning direction of 
the image for at least one color of separated illumi- 25 
nation light. 

12. A projector provided with an image display device 
according to Claim 1 , 2, 3, 4, 6 or 7, and a projection 
means for projecting the image displayed on the im- 30 
age display device, further comprising a color sep- 
aration optical system for splitting the illumination 
light scanned by the illumination-light scanning op- 
tical system into illumination light with at least two 
colors, and the illumination-light scanning optical 35 
system for scanning the separated illumination light 

is disposed for each of the colors. 

13. The projector according to Claim 12, wherein the 
illumination-light scanning optical system is provid- 40 
ed with a plurality of rotating prisms for changing 

the refractive angle of the illumination light, while 
rotating, to thus scan the illumination light, and at 
least one rotating prism rotates in a direction differ- 
ent to the rotation directions of the other rotating is 
prisms. 
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